In 138 men and 79 women sphingomyelin values in the supernatant of sera obtained by precipitation of apolipoprotein B-containing lipoproteins ( = high density lipoprotein-sphingomyelin, HDL sphingomyelin) were determined using an enzymatic method. In men, lower HDL sphingomyelin values were obtained (0.22 ± 0.06 mmol/1) than for women (0.24 ± 0.05 mmol/1) (p < 0.05). In both sexes HDL sphingomyelin values were independent of age, with the exception that in men ^SSyears, HDL sphingomyelin concentrations were lower.
Introduction
In addition to the determination of cholesterol and triglycerides äs a basic part of the diagnostic program for disorders of the lipid metabolism, analysis of HDL cholesterol äs an indicator of the risk of coronary heart disease has recently gained-increased importance (l, 2). Although the phospholipid content of HDL is greater than its cholesterol content, the determination of HDL phospholipids äs well äs determination of the individual phospholipid fractions of HDL (phosphatidyl choline, sphingomyelin, lysophosphatidyl choline) has until now not become routine, due to the elaborate nature of the analysis. Thus, in particular, the possible relationship of HDL phospholipid fractions to the risk factors of coronary heart diseases has remained unclear.
It is now possible through the use of phospholipases with specific activity, which have recently become commercially available, äs well äs recently developed sensitive assays for^choline, to conduct relatively rapid and simple analysis of various phospholipid fractions. Recently we have developed an accurate and precise method for determination of HDL sphingom yelin (3) . The present study reports initial findings regarding the distribution of HDL sphingomyelin in normal individuals, the correlation of HDL sphingomyelin to HDL cholesterol äs well äs the relationship of HDL sphingomyelin to various risk factors of coronary heart disease. Furthermore, the concentrations of HDL sphingomyelin were also studied in patients with type IV-hyperlipoproteinaemia and these results were compared with the normal population.
Materials and Mefhods
138 men and 79 women were selected from a Company in Westfalia ("Prospective epidemiologic study of Company employees in Westfalia"). Blood was collected in a specially outfitted bus after 12 h of fasting and was allowed to clot for 30 minutes at room temperature. After removai of cells by centrifugation at 3000 min" 1 , the serum was stored at +4 °C and transported to our laboratory within a maximum of 3 days.
Blood samples of patients (39 men, 26 women) with type IV hyperlipoproteinaemia (triglycerides ^2.28 mmol/1, cholesterol <6.7 mmol/1) were prepared in a similar manner. Experiments were performed within 25 hours after receiving the samples. SeTum levels of cholesterol, triglycerides, glucose and uric acid were determined with the SMAC Autoanalyzer (Technicon GmbH., Bad Vilbel, FRG) äs described elsewhere (4) . The HDL fractions were analysed in the supernatant following precipitation of apolipoprqtein B-containing lipoproteins using phosphotungstic acid/ MgCl 2 (2) . HDL cholesterol was determined enzymatically using the cholesterinoxidase/4-aminoantipyrine method (Boehfinger Mannheim). The determination of HDL sphingomyelin has been described elsewhere in detail (3) . LDL cholesterol was calculated from total cholesterol, HDL cholesterol and triglycerides according to the formula of Friedewald (5), Prices are subject to change without notice. negative correlation with the LDL cholesterol level (r = -0.27, p < 0.01), For comparison the coefficients of correlation between the corresponding values of HDL cholesterol and various risk factors were also calculated. In men and women the coefficients of correlation for HDL cholesterol and triglycerides and for HDL cholesterol and body weight respectively were higher than the corresponding correlation coefficients for the HDL sphingomyelin and the risk factors.
Results

Distribution of HDL sphingomyelin values in normal individuals
HDL sphingomyelin values in patients with type IV hyperlipoproteinaemia
In hypertriglyceridaemic women HDL sphingomyelin values were significantly lower in comparison with normal individuals of similar age while in male patients with type IV hyperlipoproteinaemia no differences in comparison to normals of similar age could be observed ( female patients with type IV hyperlipoproteinaemia the corresponding HOL cholesterol values were significantly lower than the corresponding values in normal subjects. In both sexes the difference of HOL sphingomyelin values between hypertriglyceridaemic patients and normal individuals were lower than the difference of the corresponding HDL cholesterol concentrations.
Discussion
Epidemiological (6-10) and clinical studies (11, 12) have shown that HDL cholesterol is an indicator of the risk of coronary heart disease. However, HDL dp not represent a single substance, but consist of a heterogenous mixture of particles of varying composition and physicochemical properties (13) . Thus, the HDL cholesterol values cannot be equated with the HDL mass and consequently, the findings obtained with HDL cholesterol cannot simply be applied to other HDL compönents.
In contrast to HDL cholesterol, little is known about the significance of other HDL constituents with regard to their possible relationship to the risk of coronary heart disease. However, attention has recently focused on additional quantification of HDL apolipoproteins. It has been demonstrated that the analysis of HDL apolipoproteins and HDL cholesterol gives different results with regard to coronary risk (14) . Analysis of HDL phospholipids has been condücted to date only to a limited degree on account of the elaborate analysis involved (15, 16) and has been limited for the most part to HDL total choline containing phospholipids (17) . However, the analysis of total choline containing phospholipids in the supernatant obtained after precipation of apolipoprotein B-containing lipoproteins does not take account of the fact that a main part of the lysophosphatidyl choline moiety recovered in the supernatant is bound to albumin. In contrast to the analysis of total choline containing phospholipids the determination of the individual phospholipids, e. g. phosphatidyl choline or sphingomyelin, in the apolipoprotein B-free supernatant avoids this problem.
Through the introduction of commercially available phospholipases and the use of sensitive assays for choline it has now been possible to conduct relatively rapid and simple analysis of the individual phospholipids. Recently we have developed an accurate and precise method for determination of HDL sphingomyelin using the supernatant after precipitation of apolipoprotein B-containing lipoproteins with phosphotungstate/MgC! 2 (3). The principle of this method is based on the specific cleavage of sphingomyelin by purified sphingomyelinase from B. cereus. The phosphoryl choline released is hydrolysed to phosphate and choline in the presence of älkaline phosphatase. Choline is analysed spectrophotometrically using choline kinase. As described elsewhere in detail (3) (18) . These findings obtained from a relatively small population should be expanded in the framework of a larger study. In patients with type IV hyperlipoproteinaemia, low HDL cholesterol concentrations in blood serum are often observed (19) . The pathobiochemical relationship between hypertriglyceridaemia and low levels of HDL cholesterol is discussed elsewhere in detail (19) . According to our findings in female patients with type IV hyperlipoproteinaemia, low HDL cholesterol concentrations were observed in parallel with low concentrations of HDL sphingomyelin, whereas in male patients, low HDL cholesterol concentrations wefe also observed, but HDL sphingomyelin Values did not differ significantly from those measured in normal individuals.
The difference between men and women is obviöusly linked to our observation that normal men .have lower HDL sphingomyelin valties compared to normal women, while in male and fernale hypertriglyceridaem ic patients nearly the same HDL sphingomyeliri values were observed. On the other. hand, in both sexes the difference between hypertfiglyceridaemic patients and normal individuals.was obviously lower for HDL sphingomyelin values (men: -10.0%, women: -29.2%, on average) than for HDL cholesterol values (men: -32.2%, women: -51.0%, on average). Evidently, particularly in male hypertriglyceridaemic patients, the sphingomyelin moiety of HDL becomes relatively increased in comparison to the cholesterol moiety of HDL. The metabolic origin of this change in the HDL lipid composition, possibly due to impaired lipolysis of the triglyceride-rich lipoproteins, deserves further investigation.
In view of increased interest in the determination of HDL sphingomyelin, clinical laboratories need suitable material for quality control. As shown from find-• ings of Warnick et al. (20) and from own results (2) conventional lyophilized sera are not suitable for the precipitation of apolipoprotein B-containing lipoproteins. The use of sera pools stored at < -15 °C may be an alternative. In our experience, HDL sphingomyelin values are stable for more than 12 weeks in frozen sera.
